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'  1.  Project  Title:  "Rare  2-Substltuted  Purine  Nucleosides'* 


2.  Name  of  Contractor:  University  of  Iowa#  Iowa  City#  Iowa  52242 

3.  Name  of  Principal  Investigator:  Vasu  Nalr 

Professor  of  Chemistry 
Phone:  (319)  335-1364 

4.  Reporting  Period:  October  18#  1986  to  October  17#  1987 

5.  Description  of  Work  In  Progress: 

In  the  second  year  of  this  contract,  our  goals  were  to  utilize  the 
procedures  previously  developed  to  synthesize  a  number  of  target  molecules. 
A  total  of  nine  rare  C-2  functionalized  nucleosides  (target  compounds)  were 
submitted  to  the  Department  of  Antiviral  Studies  for  biological  evaluation 
between  October  18#  1986  and  October  17,  1987.  In  addition#  two 

Intermediates  were  submitted  during  this  period.  A  description  of  the 

synthetic  work  done  during  this  period#  compounds  submitted#  biological 
test  data#  publ Icattons#  personnel  supported#  and  an  executive  summary  are 
given  In  the  pages  following. 

The  starting  point  of  our  work  during  the  second  year  of  the  contract 

was  the  synthesis  of  the  2-vlnyl  compounds  1,  and  2.  The  rationale  for  the 

choice  of  these  compounds  as  the  starting  po!nt~was  that#  In  addition  to 
being  target  molecules#  they  would  also  be  key  precursors  for  the  synthesis 
of  a  variety  of  rare  functionalized  alkylated  purine  nucleosides.  The 
general  methodology  for  the  Introduction  of  carbon-carbon  bonding  at  the  2- 
posltlon  of  the  hypoxanthlne  or  purine  ring  systems  developed  In  our 
laboratory  under  this  contract  Is  summarized  In  Scheme  1.  The  conversion 
apparently  Involves  oxidative  Insertion  of  palladium  Into  the  carbon  Iodine 
bond  of  the  lodopurlne  followed  by  coupling  of  the  derived  Pd (II)  complex 
with  the  appropriate  organostannane#  trans-cls  Isomerization#  and  reductive 
elimination  to  give  the  coupled  product  with  regeneration  of  the  Pd(0). 
Only  catalytic  amounts  of  palladium  are  required  for  this  reaction. 


Pur-I 


MCV(L). 


- N 

«-Bu,Sn-Rf  f»-Bu,SnI 


Pur -Ilf 


Rf  ■  functionalised  alkyl 


Scheme  1 


■3Slon  For 


The  synthesis  of  2-vlnyl Inoslne  U)  commenced  with  guanoslne  (3)  which 
was  converted  In  two  steps  with  the~reagents  shown  to  the  2-amlno-6- 
chloropurlne  nucleoside  {5)  In  83*  overall  yield.  Reaction  of  compound  £ 
with  n-pentyl  nitrite  and  d I lodomethane  In  refluxing  acetonitrile  gave  the 
6-ch loro-2- lodopurlne  nucleoside  6  In  71*  yield.  In  the  next  step#  this 
molecule  was  modified  In  preparation  for  the  Introduction  of  functionalized 
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Compound  £  was  synthesized  using  the  sequence  of  reactions  shown  In 
Scheme  3.  The  starting  material  for  the  synthesis  was  the  6-chloropurIne 
nucleoside  prepared  from  guanoslne  In  83%  yield  as  described  above.  In 
order  to  obtain  entry  Into  2-substttuted  purine  nucleosides*  It  was 
necessary  to  remove  the  6-chloro  group.  This  was  done  by  a  photo  Induced 
reductive  dehalogenatlon  reaction  with  triethyl  amine  In  tetrahydrofuran  as 
solvent.  This  photochemical  dehalogenatlon  Is  a  new  methodology  In 
nucleoside  chemistry  and  was  developed  In  this  project.  It  will  find  wide 
applicability  In  the  nucleoside  area.  Attempted  radical  todlnatlon  of  the 
2-amlnopurIne  2  9ave  P°°r  yields  of  the  2-IodInated  product.  However* 
when  the  protecting  group  was  changed  from  acetate  to  hindered  sllyl  group* 
through  deprotection  followed  by  sllylatlon*  then  the  radical  lodlnatlon 
reaction  proceeded  In  much  higher  yields  to  give  1J .  Reaction  of  1J  with 
trl-n-butyl vinyl stannane  under  palladium  catalysis  gave  the  2-v Inylpurlne 
nucleoside  12  which  was  deprotected  with  tetrabutyl ammon I  urn  fluoride  to  the 
target  molecule  2.  The  overall  yield  starting  from  guanoslne  was  12%.  The 
crude  product  was  purified  by  flash  chromatography  followed  by  HPLC  and 
fully  characterized  as  described  above  for  The  high-ffeld  NMR 
spectrum  Is  shown  In  Fig.  2. 


Hydroxy  I  at  Ion  of  compound  jg  with  osmium  tetroxlde  gave  the  1*2- 
dlhydroxyethyl  compound  Y}  In  55  %  yield.  Deprotection  of  13  with 
trlmethylsl lyl  Iodide  In  acetonitrile  gave  Jjl  In  50  *  yield  (Scheme  4). 
This  target  molecule  was  purified  by  HPLC  on  Amberllte  XAD-4  resin.  It  was 
ful I y  characterized  by  spectral  methods  and  elemental  analysis.  The  hlgh- 
field  15C  NMR  spectrum  Is  enclosed  (Fig.  3). 
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Scheme  4 

Hydroxylatlon  of  compound  2  with  osmium  tetroxlde  followed  by 
appropriate  work-up  and  purification  gave  the  target  molecule  (Scheme 
5).  It  was  fully  characterized  by  spectral  methods  and  elemental  analysis. 
The  hlgh-fleld  15C  NMR  spectrum  Is  shown  In  Fig.  4. 
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Scheme  5 

Another  target  molecule  synthesized  and  submitted  was  the  2- 
acetonyl nebular  I ne  JJ.  The  Immediate  precursor  for  17  was  the  sllylated  2- 
lodopurlne  nucleoside  1J.  When  this  compound  was  heated  In  toluene  In  the 
presence  of  palladium  chloride*  trl-o-toly! phosphine*  trl-n-butyltin 
methoxide*  and  Isopropenyl  acetate*  good  yields  of  the  expected  2-acetonyl 


Fig.  4*  90.6  MHz  C  NMH  of  2- { 1 , 2-Dihydroxyethyl ) nebularine  in  DMSO- 


product  1^6  was  obtained.  Compound  16  was  deprotected  to  the  target 
molecule  ~\1  with  tetraethyl ammon I  urn  fluoride.  The  overall  yield  starting 
from  guanoslne  was  6.0%.  Reduction  of  the  carbonyl  functional Ity  In  16 
with  sodium  borohydrlde  gave  18  In  about  30%  yield  (Scheme  6).  The 
reduction  reaction  proceeded  sluggishly  and  considerable  decomposition  of 
the  starting  material  occurred  In  this  step.  Deprotection  of  18  gave  the 
target  d I astereo I somer Ic  alcohols  1,9.  The  ketone  17  and  the  alcohols  19 
were  purified  by  HPLC  (Amberl  tte  XAD-4  resin)  and  f CTl  I y  characterized.  The 
13C  NMR  spectra  of  17  and  19  are  shown  In  Figs.  5  and  6. 
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Scheme  6 


Access  to  the  rare  functionalized  Inoslne  analogue,  2-(2-hydroxyethy I ) 
tnoslne  22,  was  made  possible  through  the  availability  of  the  2-vlnyl 
compound  jg.  This  compound  was  first  protected  by  sllylation  to  give  £0, 
which  was  then  treated  wtth  9-borab lcyc!o[3.3. 1 Dnonane  (9-BBN).  Oxidative 
work-up  of  the  resulting  organoborane  gave  the  alcohol  £1  In  52%  yield.  It 
should  be  mentioned  that  hydroboratlon  reactions  have  rarely  been  used  to 
elaborate  structures  In  nucleoside  chemistry.  The  above  mentioned  reaction 
was  reg I ospec I f I c  and  only  one  Isomer  was  Isolated.  Deprotection  of  21 
with  trimethylsl lyl  Iodide  In  acetonitrile  followed  by  treatment  with 
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fluoride  Ions  gave  the  target  alcohol  £2  (Scheme  7).  Purification  and 
characterization  were  carried  out  as  described  for  other  target  compounds. 
The  hlgh-fleld  '^C  NMR  spectrum  of  22  Is  enclosed  (Fig.  7). 
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Scheme  7 

In  the  last  part  of  the  second  year  of  support  four  compounds  were 
submitted  for  antiviral  evaluation.  Two  of  the  compounds*  23  and  24*  were 
prepared  by  deprotection  of  key  halogenated  Intermediates"  used~ln  the 
syntheses  previously  described  In  this  report.  The  other  two  compounds 
were  target  ketones  £5  and  26  In  which  special  emphasis  was  placed  because 
of  the  potent  antiviral  activity  of  another  ketone*  2-acetonyl I  nosine* 
previously  synthesized  by  us  In  this  program. 
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The  Immediate  precursor  for  the  synthesis  of  the  2-keto I  nosine  25  was 
the  sllylated  2- I odo  compound  £7 »  prepared  from  2-Iodo-6-methoxypur Ine 
nucleoside  7  (see  synthesis  of  7  In  Scheme  2).  When  compound  27  was  heated 
under  reflux  In  toluene  with  palladium  acetate*  trl-o-tolyl phosphine*  trl- 
n-butyltln  methoxlde*  and  2-pentene-3-acetate»  very  good  yields  of  the 
keto  compound  28  was  Isolated.  The  latter  was  deprotected  to  the  target 
molecule  25  In  ?wo  steps*  first  by  reaction  with  trlmethylsllyl  Iodide  and 
then  with  tetraethyl ammon I  urn  fluoride  (Scheme  8).  Target  compound  25  was 
purified  by  reversed-phase  HPLC.  The  overall  yield  of  25  starting^  from 
guanoslne  was  10.8  %.  It  was  fully  characterized  by  spectral  methods  and 
by  high-resoiutlon  fast  atom  bombardment  mass  spectrometry  (FAB  HRMS).  The 
hlgh-fleld  *3C  NMR  spectru..  Is  shown  In  Ftq.  8. 
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Scheme  8 


Synthesis  of  the  ketonebul arlne  26  was  achieved  using  the  sllylated  2- 
lodopurlne  nucleoside  1J  as  the  Immediate  precursor.  Compound  1J  can  be 
prepared  In  six  steps  from  guanoslne  as  previously  presented  In  Scheme  3. 
The  palladium-catalyzed  cross-coupling  reaction  of  1J  to  give  £9  was 
carried  out  as  described  above  for  the  conversion  of  27  to  2£.  Excellent 
yields  of  product  were  obtained  In  this  conversion.  ~Deprotectlon  of  29 
(tetraethyl ammon I  urn  fluoride)  followed  by  purification  of  the  resulting 
material  by  HPLC*  gave  target  molecule  £6  (13.7%  overall  yield  from 
guanoslne).  Compound  £6  was  fully  characterized.  The  hlgh-fleld  3C  NMR 
spectrum  of  26  Is  shown  in  Fig.  9. 


Fig.  9.  90.6  MHz  13C  NMR  of  2- (l-Methyl-2-oxobutyl ) -9- (0-D-ribofuranosyl ) purine  in  DMSO-d 
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Epoxy  substituted  purine  nucleosides  are  very  rare  compounds  and  only 
one  example  of  a  purine  system  with  an  epoxy  group  at  the  6-posltlon  Is 
known  (Nalr  and  Chamberlain,  J.  Am.  Chem.  Soc.  1§§5,  107,  2183).  The 
approach  to  the  2-epoxy  compounds  of  the  I noslne  and  nebular  I ne  series 
was  through  the  corresponding  vinyl  compound  precursors  (30  and  31)  whose 
synthesis  have  been  described  previously  In  this  report.  ^  Although 
epoxtdatton  of  these  vinyl  compounds  appeared  to  have  proceeded  as  expected 
to  give  the  epoxides  32  and  33  (Scheme  10),  Isolation  of  the  epoxide 
products  was  extremely  difficult  because  of  their  Inherent  Instability. 
Several  different  procedures  for  Isolation  and  deprotection  were  attempted, 
but  all  were  unsuccessful. 
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During  this  second  year  of  the  contract*  we  have  also  been  Involved  In 
the  development  of  approaches  to  the  synthesis  of  analogues  of  nebular  I ne 
and  Inoslne  that  contain  aldehyde  functionalized  carbon-carbon  bonding  at 
the  2-positlon.  The  Initial  approach  for  the  nebularlne  series  was  to 
synthesize  the  2-(2-hydroxyethyl )purlne  system  and  selectively  oxidize  this 
primary  hydroxyl  group  to  the  aldehyde.  Although  the  synthetic  procedure 
for  the  preparation  of  the  2-hydroxyethyi  derivative  of  Inoslne  had 
previously  been  developed  by  us*  application  of  this  (l.e.  hydroboratlon 
followed  by  oxidative  work-up)  resulted  In  the  formation  of  the  2-ethyl 
compound  through  reduction  of  the  Intermediate  organoborane.  An 
alternative  procedure  Involved  direct  Introduction  of  a  masked  aldehyde 
moiety  at  the  C-2  position.  This  was  achieved  through  the  use  of  ethyl 
vlnyltrlbutyltln  ether  34.  The  organostannane  34  was  prepared  by  the 
radical  coupling  of  trlbutyltln  hydride  with '''ethyl  ethynyl  ether. 
Palladium-catalyzed  coupling  of  the  organostannane  34  with  protected  2- 
lodopurlne  nucleoside  1J  gave  the  (E)-  and  (Z)-  mixture  of  the  expected 
product  35  In  about  70%  yield  (Scheme  It).  We  are  currently  working  on  the 
removal  ''of  the  protecting  groups  from  35  which  would  give  us  the  target 
molecule  36. 
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Scheme  11 


Synthesis  of  the  protected  aldehyde  57  through  oxidation  of  20  (a 
difficult  reaction)  was  also  successfully  Investigated.  The  deprotection 
step*  which  may  pose  some  difficulties  because  of  the  sensitive  nature  of 
this  aldehyde  functionality*  remains  to  be  worked  out  (Scheme  12). 
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6.  List  of  Target  Compounds  and  Intermediates  Submitted: 


(I)  2-Ylnyl-9-(^  -D-rlbofuranosyl )hypoxanthlne  or  2-Vlnyllnoslne 


AVS  Identifying  No:  AVS-002716 
Contractor's  Identifying  Code  No:  VN— 1—103 
Report  Reference:  This  Annual  Report*  Scheme  2 


(II)  2-Vlnyl-9-(^ -O-rlbofuranosyl )pur Ine  or  2-VInylnebularlne 


AYS  Identifying  No:  AVS-002694 
Contractor's  Identifying  Code  No:  VN-l-104 
Report  Reference:  This  Annual  Report*  Scheme  3 


(III)  2-(1»2-0Ihydroxyethyl  )-9-(^-0-r!bofuranosyl )  hypoxanth  I  ne  or 
2-0  »2-DIhydroxyethyl ) I  nosine 


AVS  Identifying  No:  AVS-002695 
Contractor's  Identifying  Code  No:  VN— 1—105 
Report  Reference:  This  Annual  Report*  Scheme  4 


(Iv)  2-(l»2-0lhydroxyethyl )-9-(  -O-rlbofuranosy I )purlne  or 
2-(1 »2-0lhydroxyethyl )nebul arlne 


AVS  Identifying  No:  AVS-002883 
Contractor’s  Identifying  Code  Nos  VN-l-106 
Report  Reference:  This  Annual  Report*  Scheme  5 


(v)  2-(2-Hydroxyethyl )-9-(/9  -D-rlbofuranosy I )hypoxanth1 ne  or 
2-(2-Hydroxyethyl ) I noslne 

hXjO 

HOCH,  I 


Hd  OH 


AVS  Identifying  No:  AVS-002884 
Contractor's  Identifying  Code  No:  VN— 1—107 
Report  Reference:  This  Annual  Report*  Scheme  7 


(vl)  2-Acetony l-9-(/J  -O-rlbofuranosy I Jpurlne  or  2-Acetony Inebul ar Ine 


(vll)  2-(2-Hydroxypropy I )-9-(/6  -O-rlbofuranosy I Jpurlne  or 
2-(2-Hydroxypropyl ) nebular Ine 


AVS  Identifying  No:  AVS-003582 
Contractor's  Identifying  Code  No:  VN-l-109 
Report  Reference:  This  Report#  Scheme  6 


(vIII)  2-lodo-9-(^6  -O-rlbofuranosy I )pur Ine  or  2-iodonebularlne 
(Intermediate) 


HOCH, 

ft 

HO  OH 


AVS  Identifying  No:  AVS- 003923 
Contractor's  Identifying  Code  No:  VN-I-I10 
Report  Reference:  This  Annual  Report#  Scheme  3 


( lx)  2-(1-Methyl-2-oxobutyl )-9-(^ -O-rlbofuranosy I )pur Ine 


AVS  Identifying  No:  AVS-  003924 
Contractor's  Identifying  Code  No:  VN- 1-1 1 1 
Report  Reference:  This  Annual  Report#  Scheme  9 
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(x)  2-(1-Methyl-2-oxobutyl )-9-(^ -O-rlbofuranosy I )hypoxanthtne 


O 


AVS  Identifying  No:  AVS-003921 
Contractor's  Identifying  Code  No:  VN— 1—112 
Report  Reference:  This  Annual  Report*  Scheme  8 


( x I )  2-lodo-9-(y9  -D-rlbofuranosy I )hypoxanthlne  or  2-lodol noslne 


O 


HO  OH 

AVS  Identifying  No:  AVS- 003922 
Contractor's  Identifying  Code  No:  V N— 1  —  113 
Report  Reference:  This  Annual  Report,  Scheme  2 


7.  Antiviral  Screening  Data 


AVS  Identifying  Number  Antiviral  Drug  Screening 

Contractor's  Code  Number  Data 


AVS-002159 
V  N— 1  —  101 


AVS-002352 

VN-l-102 


AVS-002716 
VN- 1-103 


AVS-002694 
VN- 1-104 

AVS-002695 
VN— I  —  1 05 

AVS-002883 
VN— I  — 1 06 


AVS-002884 
VN— I —1 07 


AVS-003039 
VN— I —1 08 

AVS-003582 

V  N— 1—109 

AVS-003923 
VN— I — 1 10 

AVS-003924 

V  N—  f — 1 1 1 


Very  active,  specific 
Tl  >1000  (1q  vitro,  SF) 

HIV  results  not  available 
Toxic  In  CCHF  suckling  mouse 

Some  activity  against  YF 
Not  active  against  VSV,  AD2,  VV, 
HIV,  SF,  JE  in  vitro 
In  vivo  data  not  available 

Some  broad  speclcum  activity 
(In  vitro)  against  YF,JE, 

AD2,  VV,  PT,  RVF,  not  active 
against  VEE,  VSV,  HIV 
In  vivo  data  not  available 

Not  active  ( In  vitro) 

In  vivo  data  not  available 

Not  active  (in  vitro) 

In  vivo  data  not  available 

Some  activity  against  RVF 
Not  active  (in  vitro) 
against  other  viruses 
H i V  results  not  available 
In  vivo  data  not  available 

Some  activity  against  RVF 
Not  active  (in  vitro) 
against  other  viruses 
HIV  results  not  available 
lQ  vivo  data  not  available 

Not  active  against  AD2,  JE, 

VSV,  VV,  RVF 

Screening  data  not  available 


Screening  data  not  available 


Screening  data  not  available 
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AVS-003921 
VN- 1-1 12 


Screening  da+a  not  available 


nu 

I 


W. 


AVS-003922  Screening  da+a  not  available 

VN- 1-1 13 


8.  Bibliography  of  Publications*  Patents*  and  Presentations: 


(I)  V.  Nalr*  D.  A.  Young*  and  R.  DeSlIvIa*  Jr.»  2-Haiogena+ed  Purine 
Nucleosides:  Synthesis  and  Reactivity*  Journal  of  Organic 
Chemistry.  1987*  52*  1344  (4  copies  furnished  to  SGRD-RMS). 

(II)  V.  Nalr*  D.  A.  Young*  and  R.  DeSlIvIa*  Jr.*  2-Amlno-9-(/0 -D- 
rlbof uranosyl )purlne.  Pho+olnduced  Reductive  Dehalogena+Ion:  A 
General  Approach  to  2-Am I nopurlne  and  Related  Systems*  An  Invited 
Article  In  "Nucleic  Acid  Chemistry"*  Part  4*  Edited  by  L.  B.  Townsend 
and  R.  S.  TIpson*  1987  (4  copies  furnished  to  SGRD-RMS). 

(III)  V.  Nalr.  S.  D.  Chamberlain*  R.  DeSlIvIa*  Jr.*  and  G.  S.  Buenger* 
Synthetic  Approaches  to  Rare  2-Subs+I+u+ed  Purine  Nucleosides* 
Nucleosides  and  Nucleotides,  1987,  £,  229  (4  copies 
furnished  to  SGRD-RMS). 

(Iv)  V.  Nalr  and  D.  A.  Young,  Conformational  Correlation  of  Purine 

Nucleosides  by  HIgh-FIeld  Carbon-13  NMR  Data*  Magnetic  Resonance  In 
Chemistry.  1987,  25*  937  (4  copies  furnished  to  SGRD-RMS). 

(v)  V.  Nalr.  G.  A.  Turner,  and  S.  D.  Chamberlain,  Novel  Approaches  to 
Functionalized  Nucleosides  via  Palladium-Catalyzed  Cross-Coupling 
with  Organos+annanes,  Journal  of  the  American  Chemical  Society*  1987, 
109.  7223  (4  copies  furnished  to  SGRD-RMS). 

(vl)  V.  Nalr,  Alkylated  I  nosines  as  Antiviral  Agents,  Patent  Serial 
Number  67,498  filed  with  U.  S.  Patent  Office,  June  1987. 

( v 1 1 )  V.  Nalr,  D.  A.  Young,  S.  D.  Chamberlain,  and  G.  S.  Buenger,  2- 
Amlnopurlne  Nucleosides:  Synthesis*  Biological  Activity,  and 
Reactivity,  21s+  Midwest  Regional  Meeting  of  the  American  Chemical 
Society*  Kansas  City,  Missouri,  November,  1986. 

( v 1 1 1 )  V.  Nalr,  G.  A.  Turner,  G.  S.  Buenger,  and  A.  G.  Lyons,  Synthetic 
Approaches  to  New,  Biological ly-Actlve  Purine  Nucleosides*  194+h 
National  Meeting  of  the  American  Chemical  Society*  New  Orleans* 
Louisiana*  September*  1987. 


( lx) 


(x) 


V.  Nalr  and  G.  S.  Buenger,  Novel  2-Subs+I+u+ed  Purine  Nucleosides, 
99+h  Session  of  the  Iowa  Academy  of  Science,  Grlnnell,  Iowa, 

April  1987. 


V.  Nalr  and  A.  G.  Lyons*  Functional Iza+lon  of  Inoslne,  99+h  Session 
of  the  Iowa  Academy  of  Science*  Grlnnell*  Iowa*  April,  1987. 


24 


v x i )  V.  Nalr*  Rare  2-Substl tuted  Purine  Nucleosides*  USAMRIID  Department 
of  Antiviral  Studies  Program  Review*  August*  1987. 

(xll)  V.  Nalr*  Eight  Invited  Research  Seminars  on  "The  Search  for  New 
Antiviral  Compounds:  Rare  2-Substltuted  Purine  Nucleosides"* 
presented  at  major  Universities  In  Sydney*  Melbourne*  and  Adelaide* 
Australia*  July*  1987,  as  part  of  an  Award  as  Distinguished  Visiting 
Prof essor/Schol ar. 


9.  Personnel  Supported: 

Gregory  A.  Turner,  Graduate  Student,  Ph.D.  Degree*  May  1987 
Greg  S.  Buenger,  Graduate  Student 
Arthur  G.  Lyons,  Graduate  Student 
Brian  J.  Hettrlck,  Graduate  Student 


10.  Summary: 

In  the  second  year  of  this  contract*  we  have  had  considerable  success 
In  our  synthetic  work  and  a  total  of  eleven  rare  2-substltuted  purine 
nucleosides  (nine  target  compounds  and  two  Intermediates)  were  synthesized* 
purified*  characterized*  and  submitted  to  the  Department  of  Antiviral 
Studies.  Our  progress  on  this  contract  Is  now  right  on  schedule.  Although 
screening  data  are  not  available  as  yet  on  several  of  the  compounds 
submitted*  some  very  Interesting  and  positive  data  have  been  received.  One 
compound  (2-acetony I noslne,  AVS-002159)  has  been  found  to  have  very  high 
activity  (Tl  >  1000)  against  the  Sandfly  Fever  Virus  (Phlebovlrus). 
Another  compound  (2-vlnyl I noslne*  AVS-002716)  has  been  found  to  have  low 
but  broad  spectrum  activity  against  a  number  of  RNA  viruses.  Two  other 
compounds  (AVS-002883  and  AVS-002884)  have  shown  some  activity  against  the 
Rift  Valley  Fever  Virus*  and  still  another  (AVS-002352)  has  shown  activity 
against  the  Yellow  Fever  Virus.  Five  publications  have  appeared  In  1987 
on  this  work.  In  addition,  a  patent  has  been  filed  on  some  of  the  Inoslne 
analogues  synthesized.  Various  aspects  of  the  synthetic  work  have  also 
been  presented  as  Invited  and  contributed  papers  and  research  seminars  at 
regional*  national*  and  International  scientific  meetings  and  occasions. 
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